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ABSTRACT Communities of soil-dwelling organisms contribute to soil fertility and nutrient cycling, but conventional farming
practices can disturb and reduce these communities. In southeastern Minnesota, some farmers are planting simplified prairie
vegetation to produce biomass fuels. Our study was designed to assess the species abundance and diversity of soil invertebrates in
plantings of mixed grasses only (MG) and mixed grasses with forbs (MGF) that were planted for use as a biomass fuel source on a
farm in southeastern Minnesota in 2007. Abundance and diversity of soil invertebrates also were examined in soils of corn (Zea
mays L.) fields grown on the same farm, and in soils of an adjacent prairie managed by the Minnesota Department of Natural
Resources (DNR). Six soil samples were collected from each of these 4 landscape types in summer 2010. Soil samples were
placed in a Berlese apparatus for 24 h to extract soil invertebrates. Soil invertebrates were most abundant in samples from the
DNR prairie (n¼ 156). MG samples had the second highest abundance (n¼ 146), MGF soils had lower abundance (n¼ 87), and
corn fields had the fewest invertebrates (n ¼ 41). The most abundant taxa in prairie soils included white and brown mites,
springtails, and earthworms, whereas springtails and symphylans were the most abundant invertebrates in corn plots. Species
diversity (Shannon’s H0) of soil communities differed significantly (analysis of variance: F3,20 ¼ 17.177, P , 0.0001) among
landscape types. Tukey’s honestly significant difference test was employed to study any difference in diversity among the 4
landscape units and from this analysis we concluded that DNR and MGF did not differ, nor did MG and MGF reconstructed prairie
plots. However, all other comparisons differed significantly in their diversity of soil invertebrates, thus substantiating our findings
about abundance. This work has valuable implications for developing more sustainable soil management practices that could serve
restoration efforts and adjacent agricultural lands.
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INTRODUCTION
Despite increased interest and support for developing
sustainable food systems through a variety of distinctive
agroecological approaches (Altieri 2004, Borsari et al. 2014,
Gliessman 2014), modern, large-scale agriculture in the
United States continues to be predicated and practiced
through a cultural and technological model. This model
threatens to extirpate small-scale farming (Rigby and
Caceres 2001) and native grasslands (Lark and Gibbs
2016). The rapid conversion (.2.4 million ha) of land in
the last few years (2008–2012) in the United States to grow
a handful of agronomic crops (Lark and Gibbs 2016) may
perhaps justify the need for maximizing agricultural outputs
to ensure food security. Nonetheless, increasing costs of
food production attributed to a recession in the global
economy and unpredictable shifts in the price of fossil fuels
(Borsari et al. 2009) have already further exacerbated the
agricultural crisis, encouraging many farmers in the United
States to grow more corn (Zea mays L.) to fulﬁll the high
demand for cheap energy. For example, ethanol production
from corn, which emerged more than a decade ago as a
promising, renewable energy crop, continues to occupy most
of the landscape of the US Midwest region. Continuing a
conversion of grasslands into agricultural ﬁelds, hosting
genetically engineered corn monocultures to respond to the
need for a reliable, cheap energy (and other industrial uses)
has led to a signiﬁcant rise in corn prices and consequently
in food costs, affecting large segments of consumers and
most sectors of the food production enterprise (Leibtag
2008, Borsari 2011, Borsari et al. 2014). Other negative
consequences of this economic approach in land manage-
ment and agriculture have been causing inevitable losses, or
further fragmentation of prairies, with concomitant loss of
soil due to tillage (Reicosky 2015) and a deterioration of
water quality in the affected areas as inevitable outcomes
(Mundahl et al. 2015). Since the mid-1990s, corn cultivation
in the United States has occupied more than 32 million
hectares. However, between 2002 and 2012 the acreage
grew to about 39 million hectares (D.C. Reicosky, personal
communication), further challenging the conservation of
natural habitats. Soil erosion remains a major threat to the
long-term viability of farming systems, yet a steady demand
for ethanol from corn has persuaded many farmers to
employ more fragile and marginal lands to augment the
yields of this crop. Also, this trend in the agricultural
panorama has caused a loss of farmers who were not capable
of expanding their corn operations for the enormous1 Corresponding author email address: bborsari@winona.edu
Borsari et al.  Soil Biodiversity in Restored Prairie Plots and Agricultural Fields 181
monetary investments needed to acquire the necessary
cultivation inputs, and these were mainly small growers.
At the same time, an increasing knowledge by the general
public about the current challenges in modern farming and
management of land and natural resources has been exerting
traction to pursue a more sustainable agriculture. The
preservation of family farms as a capstone agenda through
a variety of educational programs by organizations like The
Land Stewardship Project continues to be somewhat
effective in counteracting an expansion of monocultures,
or at least in fostering awareness among citizens, about the
limitations of large-scale, industrial agriculture in our
bioregion. Sustainable land management combines technol-
ogies, policies and approaches aimed at integrating socio-
economic principles with environmental concerns to secure
productivity and prevent, or at least reduce, the degradation
of soil and water quality, while being economically viable
and socially acceptable. As for energy demand, although
many farmers in southeastern Minnesota may be able to
subsidize their heating costs during winter by burning corn
stover (baled crop stubble), it should be pointed out that this
common practice may cause a loss of topsoil of nearly 1,400
kg/ha per year (Comis and Perry 2009) even through an
employment of best management practices (e.g., minimal or
no tillage), and thus affect negatively the efforts to conserve
soil. Instead, with the same equipment used for harvesting
corn stover, native prairie plants can be harvested,
pelletized, and employed as a feasible and effective source
of energy (Wilson et al. 2012). The prairie restoration
approach seems to be more efﬁcient than the use of corn
stover to produce renewable biofuels because an employ-
ment of prairie plants in lieu of corn stover can limit soil
erosion signiﬁcantly (Montgomery 2007). In addition to this,
Tilman et al. (2006) demonstrated clearly that high-diversity
native prairie grass mixtures can produce 51% more energy
per hectare on marginal, degraded land than ethanol from
corn cultivated in fertile agricultural soils. The massive root
systems of native prairie plant communities minimize soil
erosion, improve water quality, sequester atmospheric
carbon into the soil (Omonode and Vyn 2006), and add to
the biodiversity of the landscape, amplifying the beneﬁts of
a variety of ecological services, which include carbon
sequestration, stabilization, and soil health. Establishing
perennial prairie vegetation results in an overall improve-
ment of soil characteristics (chemical, physical, biological),
enriches soil organisms as the keystone component for
organic matter decomposition and mineralization, and
enhances carbon storage and nutrients availability for plants
(Soong et al. 2016), thus contributing to an achievement of
resiliency and sustainable productivity of terrestrial ecosys-
tems, which include agroecosystems (Gliessman 2014).
Within the biotic realm of soil traits, macroinvertebrates
have been known to be valid indicators of soil and
environmental quality for a very long time (Paoletti and
Bressan 1996). More speciﬁcally, for millennia earthworms
(Lumbricus terrestris L.) have been considered iconic
species of soil fertility enhancers among ancient Egyptians
and other Middle Eastern civilizations (Baskin 2005).
The emerging concept of ‘‘soil health’’ is inclusive of the
biological processes of earthworms and more soil inverte-
brates and thus is inspiring more and more farmers to adopt
cultural practices such as reduced tillage or no tillage, cover
cropping, or green manuring, to enhance the diversity of soil
biota a step further, as the biological heterogeneity of soil
invertebrates and microorganisms enhances carbon seques-
tration, fertility (Fernandez et al. 2016), and an overall
suppressive effect of pathogens that could decrease yield
and quality of cultivated crops (Lavelle et al. 2006). The
purpose of our study was to assess the richness and diversity
of soil invertebrates from prairie patches that had been
reconstructed at a farm in southeastern Minnesota where
prairie plants were harvested and used as renewable biofuel.
Thus, we compared richness and diversity of soil inverte-
brate communities from recently planted prairie vegetation,
active corn ﬁelds, and an old restored prairie adjacent to the
farm. Although these taxa constitute a limited component of
the much broader diversity of living organisms inhabiting
soils (Reicosky 2015, Berruti et al. 2016), we thought it
valuable to focus our study on the possible implications for
continuing the restoration of prairies strips in farm land, and
also for improving conservation practices in the soil of
agroecosystems.
MATERIALS AND METHODS
Study Site
The study site (Pork & Plants) is located in the
northwestern corner of Winona County, in southeastern
Minnesota (44.09N; 91.96W). Pork & Plants is a 16.2-ha
family farm located near the town of Altura and Whitewater
State Park (228 ha). Prairie plant communities were
established on the farm in patches of marginal land in June
2007 to be grown as biomass for the production of
renewable fuel (pellets to be burned in stoves for heating
purposes). Seed was planted at a rate of 11.4 kg/ha for the
grasses and 0.70 kg/ha for the forbs (Borsari and Onwueme
2008). These patches were considered marginal because
their soil physical (color, bulk density, percentage of pore
space) and chemical (pH, organic material, available N, P,
K) characteristics indicated consistent levels of soil
deterioration caused by years of intensive corn cultivation.
Five plots totaling 4.2 ha were planted with a selection of
mixed grasses (MG) and 3 plots totaling 3.2 ha were planted
with a combination of grasses and forbs (MFG), with seed
being drilled directly into the soil. Big bluestem (Andropo-
gon gerardii) and Indian grass (Sorgastrum nutans) were the
2 most highly planted grasses of the 9 selected species. The
remaining grasses were little bluestem (Schizachyrium
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scoparium), sideoats grama (Bouteloua curtipendula), blue
grama (Bouteloua hirsuta), green needlegrass (Stipa vir-
idula), switchgrass (Panicum virgatum), slender wheatgrass
(Elymus trachycaulus), and Virginia wild rye (Elymus
canadensis). The forbs included 7 species representing the
Asteraceae and Leguminosae families. More speciﬁcally,
among the sunﬂowers were long-head coneﬂower (Ratibida
columnifera), Maximillian sunﬂower (Helianthus maximi-
lianii), black-eyed Susan (Rudbeckia hirta), and oxeye
sunﬂower (Helianthus helianthoides). The 3 species among
the legumes were partridge pea (Chamaecrista fasciculata),
white prairie clover (Dalea candida), and purple prairie
clover (Dalea purpurea).
For comparative purposes we also included as study areas
a corn plot at the farm and an adjacent prairie parcel of the
Minnesota Department Natural Resources (DNR) (3 ha to
the northwestern side of the farm), which had been planted
in the mid-1990s.
Along 100-m transects oriented north–south, 6 soil
samples (10 cm deep) were taken at about 15-m intervals
within each of the 4 study areas (restored prairie [DNR],
mixed grasses [MG], mixed grasses and forbs patches
[MFG], and corn ﬁeld) during summer 2010. These soil
samples were subsequently taken to the laboratory and
placed for 24 h in a Berlese apparatus. Although Smith et al.
(2008) recommended the hand-sorting method to remove the
soil macrofauna directly in the ﬁeld as the most effective
method, we decided to employ the Berlese apparatus in the
laboratory to enhance accuracy in the count of soil
invertebrates. The invertebrate count was done for every
soil sample (n¼ 6) of each 1 of the 4 landscape units. These
organisms were collected in small plastic jars at the bottom
of each Berlese, and these jars contained 10 mL of ethanol
(70%) to preserve the specimens. Soil invertebrates were
then counted and identiﬁed (Nardi 2003, Orgiazzi et al.
2016), and the community diversity index (Shannon’s index)
was calculated for each sample separately. All statistical
analyses were performed using the VassarStats website for
statistical computations, which is available at http://
vassarstats.net/.
RESULTS
A robust population of soil invertebrates (N ¼ 430)
belonging to 16 different higher orders were collected from
the peds of the 4 landscape units under study. The most
abundant taxa in prairie soils included white (Gamasidae)
and brown (Oribatidae) mites, springtails (Collembola), and
earthworms, whereas springtails and symphylans were the
most abundant invertebrates in corn plots. Overall, mites
and springtails were the most numerous organisms that were
collected from all soil samples (Figure 1). Descriptive
statistics (mean and standard deviation) summarized the
data about invertebrates’ abundance in the 4 study areas
(Table 1).
A 1-way analysis of variance (ANOVA) revealed a
signiﬁcant difference (F3,20 ¼ 11.11, P , 0.001) in
abundance of soil invertebrates among the 4 landscape
units. A post-hoc Tukey’s honestly signiﬁcant difference
(HSD) test indicated that signiﬁcant differences occurred
between DNR and corn samples (P , 0.01), DNR and MGF
samples (P , 0.05), and corn ﬁelds and MG samples (P ,
0.01). In contrast, no signiﬁcant differences were detected
between DNR and MG, corn and MGF, and MG and MGF.
Also, the Shannon’s index of diversity was calculated for
all the soil samples in each 1 of the 4 landscape units that we
considered in this study and a 1-way ANOVA was
employed to analyze these data. The ANOVA analysis
suggested that diversity of soil invertebrates differed among
the 4 landscape units (F¼ 17.177, df¼ 3, 20, P , 0.0001).
Tukey’s HSD test was employed to study any difference in
diversity among the 4 landscape units and from this analysis
we concluded that DNR and MGF did not differ, nor did
MG and MGF reconstructed prairie plots. However, all other
Figure 1. Numbers and identiﬁcation of soil invertebrate
taxa. The height of each column is determined by the
number of soil invertebrates that were identiﬁed for each
taxon (y axis).
Table 1. Descriptive statistics (mean 6 SD) of soil
invertebrate abundance in the 4 study areas.
Soil Sample Mean 6 SD
Minnesota Department of
Natural Resources land
26.0 6 5.37
Mixed grasses and forbs 14.5 6 7.92
Mixed grasses 24.33 6 4.71
Corn 6.83 6 60.16
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comparisons differed signiﬁcantly in their diversity of soil
invertebrates (Figure 2), thus substantiating our ﬁndings
about abundance.
Soil invertebrate richness varied among the 4 landscape
units; however, evenness differed. Although the difference
in the number of taxa that were identiﬁed for the soil
invertebrates in all the soil samples of the different
landscape units varied minimally (except for the peds
collected from the corn ﬁelds), their abundance was a strong
determinant in yielding the Shannon index (H0) of diversity.
Also, it could be speculated that the vicinity to restored
prairie patches might have enhanced the migration and,
perhaps the colonization of the corn ﬁelds. We can afﬁrm
this because the 3 peds from corn ﬁelds that were most
distant from the prairie patches had only between 1 and 7
soil invertebrates, whereas those in the vicinity of the
restored prairie patches had between 9 and 41 soil
invertebrates.
DISCUSSION AND CONCLUSIONS
An abundant and diverse community of soil organisms is
important when considering soil quality (Altieri 1999) and
health because the soil food web populated primarily by
detritivore species facilitates the humiﬁcation process and
stabilizes the carbon-rich organic matter that is so important
in fostering the growth and health of plant communities
(Soong et al. 2016, Borsari et al. 2014). Although forest
habitats have the greatest abundance and diversity of soil
invertebrates (Carpenter et al. 2012), grasslands also can
host a distinctive diversity of soil organisms that contribute
signiﬁcantly to the health and resilience within the soil of
terrestrial ecosystems (Gerlinde et al. 2003). Therefore,
farmland can beneﬁt from the establishment of prairie strips
in a variety of manners, including enhancing its soil fauna
(Smith et al. 2008), protecting soil from erosion, and
improving the soil’s physical (e.g., soil structure, texture,
water retention capacity, bulk density) and chemical
characteristics (e.g., pH, redox potential, nutrient availabil-
ity), just to name the most important (Brady and Weil 2002).
In addition to this, patches of reconstructed prairies on
farmland are valuable to host bee pollinators (Hopwood
2010) and other beneﬁcial insect species that exert
biological control upon noxious insect pests. These insects
provide an outstanding ecological service to agriculture, for
which a more limited use, or no use of agrichemicals could
be needed (Wilson et al. 2012) if farming would embrace
more seriously an ecological food production model on a
larger scale. Regrettably, the unconditional support given to
industrial agriculture and the widespread use of genetically
engineered crops such as corn, soybean, canola, and cotton
poses serious challenges to life in the soil, as it has been
shown for earthworms decomposing crop residues of
transgenic Bt corn in Europe (Zwahlen et al. 2003).
Also, plowing affects earthworms through injury, or by
exposing them to sunlight and predation by birds, destroying
their burrows, and reducing their food supply. When
earthworm populations decline, soil quality suffers; there-
fore, reducing soil disturbance may increase earthworm
abundance to 137%, as indicated by a recent longitudinal
study from Europe (Briones and Schmidt 2017).
This knowledge is important for prairie restorationists as
well as farmers to better understand the symbioses
interlacing soil and plants. Among these, for example, are
the associations between root systems and symbiotic fungi
(e.g., mycorrhizae) that enhance ecosystem functioning by
providing water and nutrients for the host plant in an
exchange of photosynthates (Berruti et al. 2016). These
associations also are beneﬁcial in suppressing crop patho-
gens (Zucconi 1993, 2003) and, therefore, they should spur
more interest in achieving and maintaining biodiversity in
prairies and also in cultivated ﬁelds. Our conclusions were
limited by the fact that our study included only data from a
single day from a single growing season. Nonetheless, we
found remarkable that in only 3 y since the reconstruction of
the prairie strips, both the plots with mixed grasses and those
with grasses and forbs achieved greater diversity and
abundance of soil invertebrates when compared to the corn
ﬁelds that dominated the landscape at the farm. The corn
ﬁelds contained only 50% of the taxa found in the other
landscape units. More speciﬁcally, the soil where corn was
cultivated lacked spiders, wood lice (isopods), snipe ﬂy
larvae, millipedes, midges, pauropods, beetle larvae and
nematodes.
Utilizing natural processes and restoration approaches on
marginal farmland to reconstruct prairie patches has
potential to improve soil quality (Magdoff and van Es
2000) and resiliency to disturbance through an enhancement
Figure 2. Diversity of soil invertebrates in the 4 different
landscape units. Values are means 6 1 SD. Bars that do not
share a letter are signiﬁcantly different (P , 0.05) from one
another (ANOVA and Tukey’s HSD test).
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of biodiversity (Altieri 1999, Culman et al. 2010). In sum,
the maintenance of strips of prairie on a farm enhances the
long-term viability of the soil ecosystem and becomes a
potential source for continual inoculation of nearby
cultivated ﬁelds with essential soil biota. This thinking
parallels that of emerging programs for creating ‘‘pollinator
plots’’—as we are recognizing the peril of our current
pollinators’ collapse, we need to recognize a similar
concurrent collapse of our soil biota.
It would be interesting to continue to monitor the density
and diversity of soil invertebrates through the years ahead to
assess the impacts of biomass production at harvest times on
soil biodiversity in restored prairie plots. We view this as an
opportunity and also as a recommendation for a future
research endeavor.
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